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The  Influence  of  Plot  Size  andReplication 

on  Experimental  Error  in  Field 

Trials  with  Potatoes 


The  use  of  the  probable  error  as  a  measure  of  reliability  for 
field  plot  experiments  has  been  given  much  attention  since  the 
publications  of  Wood  and  Stratton  (1),*  and  Mercer  and  Hall 
(2)  ;  however,  that  attention  has  been  devoted  principally  to  the 
cereal  crops  with  some  few  papers  available  on  field  crops 
other  than  cereals,  and  on  tree  fruits  and  bush  fruits.  Almost 
no  information  is  available  on  field  technic  as  applied  to  the 
potato.  The  experiments  which  have  been  reported,  and  they 
have  been  carried  on  in  nearly  all  parts  of  the  world  where 
the  crop  has  been  successfully  grown,  have  had  to  do  almost  en- 
tirely with  variety  tests,  cultural  treatments,  seed  selection,  etc., 
with  little  thought  given  to  field  plot  technic,  (size,  shape,  and 
replication)  except  in  so  far  as  size  was  compatible  with  labor 
convenience. 

The  potato  is  rapidly  approaching  the  status  of  a  "cash 
crop"  in  some  sections  of  West  Virginia  and  this  increasing  im- 
portance necessitates  more  careful  attention  to  field  experi- 
ments with  this  crop.  A  search  for  information  concerning 
plot  technic  as  applied  to  this  crop  showed  that  very  little  work 
has  been  done.  This  study  was  accordingly  made  at  the  West 
Virginia  Agricultural  Experiment  Station  Horticultural  Farm, 
Morgantown,  West  Virginia,  in  1922  and  1923,  to  determine  the 
size  of  single-row  potato  plot  and  the  number  of  replications 
necessary  to  reduce  experimental  error  to  practical  limits. 


*See  references    on   page   32   of  this   bulletin. 
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LITERATURE  REVIEW 

Mitscherlich  (3)  published  the  results  of  experiments  de- 
signed to  determine  the  optimum  plot  size  for  potato  field  ex- 
periments. In  one  experiment  five  varieties  were  used.  Four 
different  sizes  of  plots  were  chosen,  ranging  from  3.6  (38.8  sq. 
ft.)  to  237.6  square  meters  (2.557.5  sq.  ft.)  and  to  overcome 
soil  differences  he  replicated  four  times.  In  another  similar 
experiment  three  different  fertilizer  treatments  were  applied 
with  a  check  and  these  were  replicated  four  times.  On  the 
basis  of  the  probable  error  of  a  single  determination  for  yield 
as  determined  by  Peters'  formula  this  author  considers  a  plot 
size  of  fifty-square  meters  (538.2  sq.  ft.),  sufficient  to  give 
a  reasonable  degree  of  accurancy. 

Chittenden  (4)  maintains  that  "place"  is  important  in  the 
comparison  of  potato  yields  and  that  this  should  be  carefully 
considered.  He  arranged  eight  pairs  of  plots  of  three  rows  each, 
in  such  a  manner  that  the  members  of  a  pair  were  separated 
from  each  other  by  a  distance  silghtly  greater  than  that  separa- 
ting the  rows  between  the  plots.  The  pairs  of  plots  were  in 
turn  separated  from  each  other  by  a  distance  somewhat 
greater  than  that  between  the  plots  in  a  pair.  The  yields  of 
the  plants  of  the  outside  rows  were  used  as  a  basis  for  com- 
paring the  yields  of  plants  differently  "placed".  It  was  found 
that  plants  located  on  the  outer  corners  of  the  plots  yielded 
highest,  those  in  the  outer  rows  ranked  next  while  those  at  the 
ends  of  the  inside  rows  and  those  in  the  inside  rows  followed  in 
order. 

Wilson  and  Chittenden (5) conducted  planting  experiments 
employing  nine  spacings  at  first  and  subsequently  sixteen  spac- 
ings,  with  plants  nine  to  eighteen  inches  in  the  row.  They  con- 
cluded from  their  results  that  (a)  the  greater  the  space  avail- 
able for  the  individual  plant  the  greater  the  yield  of  the  indi- 
vidual plant  is  likely  to  be;  and  (b)  the  greater  the  number  of 
plants  per  acre  the  greater  the  yield.  They  also  concluded  that 
in  addition  to' spacing,  seed  source,  temperature,  and  soil  mois- 
ture are  important  factors  influencing  yields. 

Stewart  (6,  7)  studied  the  effect  of  missing  hills  on 
the  yield  of  adjacent  hills.  He  halved  360  tubers  longitudinally 
and  the  halves  of  one  tuber  were  placed  in  the  same  group  with 
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the  halves  of  a  second  tuber  and  spaced  fifteen  inches  apart  in 
the  row.  The  halves  of  two  tubers  formed  a  group  of  four 
hills.  These  successive  groups  were  separated  by  a  missing 
hill  (thirty  inches)  so  that  one  plant  in  each  of  the  two  adja- 
cent groups  adjoined  a  missing  hill.  The  rows  were  spaced 
thirty-six  inches  apart.  The  data  obtained  from  351  pairs  of 
plants  showed  that  on  the  average,  each  plant  adjoining  a 
missing  hill  produced  23.2  per  cent  greater  than  plants 
which  were  not  so  situated.  Also  halves  of  the  same  tubers 
were  planted  opposite  each  other  in  adjacent  rows  and  the 
yields  of  85  pairs  of  these  hills,  grown  from  related  halves, 
showed  a  difference,  ranging  from  0  to  66.7  per  cent.  Both  of 
these  experiments  were  repeated  the  following  year,  with  the 
addition  of  a  planting  in  which  three  missing  hills  (sixty  inches) 
occurred.  He  found  that  53.8  per  cent  of  the  loss  in  yield  was 
made  up  by  the  plants  adjoining  single  missing  hills  and  43.8 
per  cent  was  made  up  in  the  case  of  the  triple  missing  hills. 
Statistically  the  difference  in  effect  between  single  and  triple 
hill  misses  was  not  significant.  He  used  the  yields  of  145  and 
129  pairs  of  plants  respectively  for  this  data. 

Stewart  (7)  repeated  in  greater  detail  his  investigations  of 
the  variation  in  yield  of  the  different  halves  of  the  same  tuber. 
He  selected  tubers  weighing  from  3!/4  to  3%  ounces,  and  before 
planting  reduced  all  to  3!/4  ounces  in  weight  by  removing  slices 
from  the  stem  end  of  the  larger  tubers.  At  the  time  of  planting 
the  tubers  were  cut  lengthwise  in  halves  and  these  were  planted 
fifteen  inches  apart  in  the  row.  ,  Data  was  obtained  from  429 
pairs  of  plants  and  the  difference  in  yield  varied  from  0  to  141.8 
per  cent  of  the  mean  yield  of  the  two  plants  of  a  pair.  The 
average  variation  was  23.4  per  cent.  The  author  pointed  out 
that  conclusions  should  not  be  drawn  from  the  yields  of  a  small 
number  of  plants  regardless  of  the  care  taken  "to  secure  parallel 
conditions  for  growth."  Stewart  also  made  yield  comparisons 
with  whole  small  tubers  and  cut  pieces  of  equal  weights  from 
the  large  tubers  of  the  same  plant  (8) . 

The  results  of  this  experiment  are  slightly  contra- 
dictory of  those  obtained  in  the  first  two  experiments  devoted 
to  this  study  but  not  sufficiently  so  to  be  of  any  real  significance. 
This  third  experiment  indicates  conclusively  that  the  small 
tubers  give  the  better  yields.       The  author  recommends  small 
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tubers  one  to  two  ounces  in  weight  as  being  as  good  as,  if  not 
better  than,  cut  pieces  of  equal  weight  taken  from  large  tubers 
of  the  same  plant. 

Fitch  and  Bennett's  (9)  conclusions  agree  in  general  with 
the  results  of  Stewart.  They  found  that  approximately  fifty 
per  cent  of  the  loss  in  yield  due  to  missing  hills  was  made  up  by 
the  yields  of  the  adjoining  hills. 

Brown  (10)  reported  the  results  of  six  years  of  work  at 
Storrs,  Connecticut.  Single  rows  103.7  feet  in  length  were  used 
for  variety  and  strain  testing.  All  were  planted  by  a  two-man, 
Iron-Age  planter  which  dropped  the  seed  pieces  twelve  inches 
apart  in  the  row.  The  rows  were  spaced  three  feet  apart.  The 
same  strain  of  Green  Mountain  was  used  in  all  checks  which 
occurred  every  fifth  row  except  in  1919  when  they  came  at 
ten  row  intervals.  There  were  137  checks  and  each 
was  flanked  on  both  sides  by  plots.  The  natural  productivity 
of  the  soil  varied  considerably  but  was  not,  supposed  to  have  in- 
fluenced the  yields  of  the  checks  any  more  than  it  did  the 
flanking  plots.  The  yields  of  the  adjacent  plots  were  aver- 
aged and  compared  in  each  case  with  the  check.  No  signifi- 
cant correlation  was  found;  hence,  as  Brown  reported,  there 
was  no  competition  between  single-row  plots  under  these  con- 
ditions. 

Meyers  and  Perry  (11)  discuss  some  of  the  important  points 
to  be  considered  in  the  analysis  and  interpretation  of  data  de- 
rived from  comparative  tests  with  potatoes  using  data  from  ex- 
periments which  have  been  carried  on  under  the  directions  of 
the  senior  author  for  several  years  and  also  the  published  data 
of  other  investigators.  The  influence  of  competition  upon  the 
relative  yields  of  hills  planted  from  apical  and  basal  parts  of 
the  same  tuber  was  studied  and  the  former  were  found  to  yield 
more  than  the  latter  by  about  fifteen  per  cent.  There  was  also 
an  effect  of  competition  between  hills  planted  with  the  apical 
parts  of  tubers  and  those  planted  with  the  basal  parts.  This 
effect  of  competition  varied  with  varieties.  There  was  a  high 
positive  correlation  between  plants  from  the  same  tubers  with 
respect  to  (a)  the  numbers  of  tubers  per  hill,  (b)  average  weight 
of  tubers,  and  (c)  the  number  of  stems  per  hill.  This  correla- 
tion was  less  for  plants  from  different  tubers  as  is  shown  by  the 
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fact  that  the  significance  of  the  difference  between  the  correla- 
tion coefficients  for  the  characters  mentioned,  determined  by 
Student's  Method,*  gave  odds  of  4,999  to  1  in  favor  of  the  re- 
lated plants.  However,  these  authors  point  out  that  this  signi- 
ficance was  less  pronounced  for  those  characters  affecting  yield 
and  influenced  greatly  by  soil  conditions.  By  analyzing  Stew- 
art's data  (6,  7)  Meyers  and  Perry  show  that  there  was  a  sig- 
nificant difference,  based  on  the  coefficient  of  correlation,  be- 
tween pairs  of  hills  from  the  same  tubers,  and  pairs  of  hills 
from  different  tubers  whether  the  plants  were  or  were  not  op- 
posite missing  hills. 

These  authors,  from  two  years'  data  obtained  from  five  hun- 
dred plots  of  different  varieties  and  strains  of  potatoes,  state  that 
a  twenty-five  hill  row  having  the  hills  eighteen  inches  apart  in 
the  row  and  the  rows  thirty-six  inches  apai^t  replicated  ten  times, 
should  be  used,  although  five  replications  gave  "a  fair  degree 
of  reliability"  under  the  existing  conditions. 

MATERIALS  AND  METHODS 

The  area  for  the  potato  planting  of  1922  had  been  used  dur- 
ing the  preceeding  years  in  vegetable  fertilizer  tests.  The 
boundaries  of  the  plots  were  obscure,  as  three  years  had 
elapsed  since  the  tests  were  completed.  A  general  description 
of  the  plot  layout  was  obtained  and  it  is  certain  that  the  entire 
planting  for  the  present  study  was  within  the  area  formerly 
occupied  by  the  fertilizer  experiment  also  that  the  rows  of  the 
present  planting  extended  at  right  angles  to  the  long  axes  of  the 
test  plots  of  the  earlier  experiment.  The  area  sloped  gently 
toward  the  east. 

The  four  strains  of  Carman  No.  3  potatoes  used  in  these  ex- 
periments were  obtained  from  Minnesota  (certified),  Canada 
(donated  by  the  Ontario  Department  of  Agriculture),  Pickens, 
W.  Va.,  and  from  Little  Falls,  W.  Va.  They  were  all  consid- 
ered to  be  true  to  variety  and  of  high  yielding  capacity.  Here- 
after they  will  be  designated  in  this  paper  as  "Minnesota  Car- 
mans",  "Canadian  Carmans",  "West  Virginia  High  Altitude 
Carmans",  and  "West  Virginia  Low  Altitude  Carmans".  (See 
Figure  1).     The  two  latter  strains  were  produced  at  approxi- 


*  Student,  Biometrika  6:1-25,  1918.  ibid.  11:414-417,  1917.  Also  Love,  H.  H.. 
A  Modification  of  Student's  Table  for  Use  in  Interpreting:  Experimental  Results.  Jour. 
Am.   Soc.   Agr.    16:68-73,   1924. 
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mate  altitudes  of  2,200  and  1,200  feet  respectively. 

The  seed  stock  was  cut  by  one  person,  and  the  planting  was 
done  by  a  two-man  Iron-Age  planter  drawn  by  a  tractor.  The 
planter  spaced  the  seed  pieces  ten  to  twelve  inches  in  the  row, 
and  the  tractor  tread  necessitated  3.5  feet  spacing1  between  the 
rows.  The  strains  were  planted  separately,  one  being  continu- 
ous with  the  other  in  the  rows.  Complete  trips  were  made  with 
the  planter;  i.  e.  planting  was  continuous  down  one  row  and 
back  the  next.  The  direction  of  planting  is  indicated  by  small 
arrow  heads  in  Figure  I.  All  cultural  practices  during  the 
growing  season  were  uniform  over  the  entire  planted  area. 


Car/vrorT  3 

Srno// cross-marts  dej'Ortate  fer/7irhatior?  of 'one yar/efy aid s/arfmo  of  corner. 
Small 'arrowheads  der-cfe  d''recf>on  of  fo/antino  ar>d  harvest'rxf- 

Fig.    1. — Plan   of  the  Potato  Planting  at  the   State  Horticultural  Farm,   Mor- 
gantown,   West  Virginia,    1922. 

The  tubers  were  harvested  with  a  plow-type  shaker-digger 
drawn  by  a  tractor.  The  digger  had  been  adjusted  previously 
and  very  few  tubers  were  missed.  The  total  yields  of  conse- 
cutive ten-foot  lengths  were  taken  to  the  nearest  quarter  of  a 
pound  and  the  harvesting  throughout  followed  the  sequence  of 
planting.  A  narrow  strip  of  about  four  feet  in  width  was  dis- 
carded at  each  end  of  the  planting  to  eliminate  "border  influ- 
ence." 

There  were  fifty-one,  one-twentieth  acre  plots  within  the 
area  used  for  the  1923  planting,  the  yields  of  which  served  to 
show  in  general  the  natural  variability  of  the  area  (Figure  2). 
Carman  No.  3  potatoes  grown  at  Elkins,  West  Virginia,  were 
used  for  seed.  This  stock  had  been  selected  for  a  number  of 
years  for  trueness  to  variety  and  high  yielding  qualities  and 
was  considered  suitable  for  the  purpose.  Planting,  care  dur- 
ing the  growing  season,  harvesting,  and  taking  of  data  were  per- 
formed in  much  the  same  manner  as  the  1922  planting,  except 
that  the  ten-foot  plot  yields  were  taken  to  the  nearest  one-half 
pound  instead  of  the  nearest  one-fourth  pound.     The  yields  of 
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the  one-twentieth  acre  plots  were  recorded  separately  to  serve 
as  ,a  measure  of  soil  variability.  This  is  indicated  in  Figure  2 
by  super-imposing  a  graph  of  the  plot  yields  over  the  map  of  the 
area  (inclosed  in  dotted  lines)  in  such  a  manner  as  to  indicate 
the  yields  within  the  plots  on  which  they  occurred.  In  gen- 
eral, the  larger  yields  were  in  the  lower  parts  of  the  area,  with 
the  exception  of  the  lowest  tier  of  plots  in  which  the  smaller 
yields  were  from  soils  having  a  hardpan  subsoil  which  affected 
drainage. 


Fig.  2. — Map   of   the  Potato  Planting  at  the   State    Horticultural   Farm,    Mor- 
gantown,  West  Virginia,  1923. 


DETERMINATION  OF  SINGLE-ROW  PLOT  SIZE 

The  yields  of  the  ten-foot  single-row  plots  for  both  1922 
and  1923  were  computed  to  a  bushels-per  acre  basis,  assuming 
that  sixty  pounds  make  a  bushel.  The  yields  of  the  various 
sized  plots  considered  in  this  study  were  obtained  by  combining 
the  yields  of  consecutive  ten-foot  plots.  In  1922,  six  different 
sized  plots,  the  largest  being  sixty  feet  long,  were  considered  for 
each  strain  of  potatoes  used,  while  in  1923  twelve  different  sized 
plots  were  considered.  In  this  latter  case  the  plot  sizes  varied 
by  ten-foot  lengths  until  one  hundred-foot  plots  were  reached 
after  which  one  hundred  twenty-  and  one  hundred  fifty-foot 
plots  were  formed.     Frequencies  were  made  from  the  yields  of 
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the  various  sized  plots  according  to  the  strain  of  seed  stock. 
From  these  frequencies  the  standard  deviation  and  the  probable 
error  of  a  single  determination  were  calculated  in  each  instance 
by  the  ordinary  method.*  Also,  the  curves  for  the  theoretical  pro- 
bable errors  were  plotted  on  the  assumption  that  the  probable 
error  decreases  as  the  square  root  of  the  number  of  variates 
or  as  the  size  of  the  sample  increases. 

The  comparison  of  different  sized  plots1  was  based  on  their 
respective  standard  deviations.  A  difference  in  the  standard 
deviations  of  compared  plots  was  not  considered  as  significant 
unless  it  was  equal  to  three  or  more  times  its  probable  error. 
Figure  11  gives  for  each  study  the  plot  sizes  compared  as  well 
as  the  significance  of  the  differences. 

DETERMINATION  OF  EFFECT  OF  REPLICATION 

In  order  to  determine  the  effect  of  replication  on  the  reduc- 
tion of  experimental  error  the  average  of  the  yields,  in  bushels 
per  acre,  of  varying  numbers  of  systematically  distributed  forty- 
foot  single-row  plots  of  the  1923  planting  were  used  to  form 
the  frequencies.  The  data  taken  in  1922  were  inadequate  for 
this  purpose. 

The  distribution  of  the  plots  was  dependent  on  the  num- 
ber of  replications  under  consideration.  For  example,  suppose 
the  yields  of  one  hundred  consecutive  plots  were  available  and  a 
frequency  distribution  for  one  replication  was  desired.  The 
average  of  the  yields  of  the  first  and  the  fifty-first  plots  would 
be  the  first  variate,  that  of  the  yields  of  the  second  and  the  fifty- 
second  would  be  the  second,  etc.,  until  all  the  plot  yields  avail- 
able were  used  in  combination.  Should  a  frequency  distribution 
of  four  replications  be  desirable  the  average  of  the  yields  of  the 
first,  the  twenty-first,  the  forty-first,  the  sixty-first  and  the 
eighty-first  plots  would  become  the  first  variate;  that  of  the 
yields  of  the  second,  the  twenty-second,  the  forty-second,  the 
sixty-second,  and  the  eighty-second,  would  become  the  second 
variate,  etc.,  until  all  the  plot  yields  available  were  used  in  com- 
bination. 


*The    formulae    of    the    ordinary    method    of    deriving    the    standard    deviation    and    the 

probable    error    of    a    sinclc    determination    are:  -.  /    — —  and    0.6745       -*  /     2ld" 

V        n  \       n 

when  2  indicates  summation,  f  the  frequency,  ds  tj,e  deviation  from  the  mean  squared,  and 
n   the   number   of   individuals    composing    the    frequency    distribution. 
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The  number  of  replications  studied  ranged  from  one  to 
seven  in  the  first  analysis  and  from  one  to  five  in  the  second 
analysis.  Computations  for  the  same  statistical  constants  were 
made  and  like  comparisons  drawn  as  for  the  studies  dealing  with 
the  single-row  plot  sizes. 

ANALYSIS  OF  DATA 

Since  there  were  several  strains  planted  in  1922  and  but  one 
in  1923,  and  since  the  largest  plots  considered  in  1922  were  sixty 
feet  in  length,  whereas  the  largest  plots  considered  in  the  year 
following  were  a  hundred  and  fifty  feet  in  length,  it  would  seem 
convenient  to  analyze  the  data  according  to  the  year  in  which  it 
was  taken. 

TABLE  I. — The  Influence  of  Size  of  Plot  on  the  Reduction  of 
the  Experimental  Error.  Summarized  Data  for  Minne- 
sota Carman  No.  3  Potatoes   (1922). 


Classes 
Bu.  per 

Length 

of   Row 

10  ft. 

20  ft. 

30  ft.            40  ft. 

50  ft. 

60   ft. 

Acre 

Frequencies 

41.6 

3 

52.0 

1 

1 

62.4 

2 

72.8 

4 

2 

1 

83.2 

12 

4 

3 

2 

1 

93.6 

10 

5 

4 

3 

4 

3 

104.0 

18 

12 

6 

3 

2 

5 

114.4 

20 

10 

9 

6 

5 

2 

124.8 

26 

6 

2 

7 

4 

3 

135.2 

14 

17 

10 

6 

6 

4 

145.6 

28 

8 

8 

3 

4 

2 

156.0 

21 

7 

5 

2 

3 

4 

166.4 

26 

16 

13 

9 

3 

3 

176.8 

12 

13 

7 

8 

5 

6 

187.2 

25 

12 

12 

7 

11 

6 

197.6 

19 

12 

3 

7 

3 

4 

208.0 

12 

5 

5 

3 

3 

3 

218.4 

9 

4 

2 

1 

228.8 

8 

3 

3 

4 

2 

239.2 

8 

4 

3 

1 

249.6 

5 

3 

1 

1 

260.0 

3 

1 

1 

270.4 

1 

280.8 

2 

291.2 

1 

n 

290 

145 

96 

71 

58 

47 

M+Em 

156.6±1.9 

154.5±2.5 

157.2±2.9 

158.8±3.2 

157.8±3.4 

157.8±3.7 

2fd2 

6592 

2577 

1631 

1068 

302 

630 

(7±E<r 

|      48.6±1.4 

|     43.8±1.7 

41.9±2.0|      39.6±2.2 

38.6±2.4 

38.0±2.6 

Es 

|        32.8 

29.6 

|        28.2       |        26.7 

26.1 

25.7 

12 


W.  VA.  AGR'L  EXPERIMENT  STATION 


(Bulletin  189 


DETERMINATION  OF  SIZE  OF  SINGLE-ROW  PLOT 
The  Studies  of  1922 

The  summary  of  the  data  from  the  "Minnesota 
Carmans"  in  Table  I  shows  that  the  populations  of  the 
frequencies  range  from  290  with  the  smallest  plots  to  47 
with  the  largest  plots.  Also,  that  a  reduction  in  the  probable 
error  of  a  single  determination  of  7.1  bushels  per  acre  occurred 
as  a  result  of  the  increase  in  plot  size. 

It  is  interesting  to  note  that  eighty-six  per  cent  of  this  re- 
duction occurred  from  increasing  the  plot  size  from  ten  to  forty 
feet.  Figure  11  (a)  shows  that  the  first  significant  difference 
between  standard  deviations  is  found  in  the  comparison  of  the 
ten-  and  the  forty-foot  plots  and  that  a  significant  difference  is 
not  found  again  with  the  larger  plots  of  this  study.  Curves  of 
the  actual  and  the  theoretical  probable  errors  of  a  single  deter- 
mination are  shown  in  Figure  3. 
9*  r 


M   — 


So  -- 


ft 


/a  -- 


ti 


'+ 


Actual. 


Theoratical. 


/2 


-k 


30 


■sfc 


to 


length  of  Kow  in  Feet. 
Fig.  3. — The  Curves  of   the   Actual   and  the   Theoretical   Probable   Errors   for 
Varying    Row   Lengths    of    Minnesota    Carman    No.    3    Potatoes    Grown 
in    1922. 
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The  wide  divergence  between  the  curves  can  be  attributed 
largely  to  soil  heterogeneity.  From  this  study  it  may  be  con- 
cluded that  little  is  to  be  gained  by  using  a  single-row  plot  of 
greater  length  than  forty  feet. 

Table  II  summarizes  the  data  of  the  "West  Virginia  High 
Altitude  Carmans".  The  populations  of  the  different  plot 
lengths  considered  ranged  from  186  in  the  ten-foot  plots  to  30 
in  the  sixty-foot  plots. 


TABLE  II. — The  Influence  of  Size  of  Plot  on  the  Reduction  of 
the  Experimental  Error.  Summarized  Data  for  West 
Virginia  Carman  No.  3  Potatoes  (High  Altitude — 1922). 


Classes 
Bu.  per 

Length  of   Row 

10  ft. 

20  ft. 

30  ft.            40   ft. 

50  ft. 

60   ft. 

Acre 

Frequencies 

72.8 

1 

83.2 

93.6 

104.0 

1 

114.4 

3 

2 

124.8 

2 

2 

1 

135.2 

8 

3 

145.6 

6 

1 

1 

2 

1 

156.0 

7 

3 

1 

2 

1 

166.4 

10 

7 

3 

2 

1 

1 

176.8 

10 

7 

4 

2 

2 

3 

187.2 

14 

5 

5 

1 

3 

1 

197.6 

8 

7 

3 

6 

6 

3 

208.0 

12 

4 

6 

5 

2 

4 

218.4 

15 

9 

5 

3 

1 

1 

228.8 

12 

7 

7 

3 

7 

6 

239.2 

19 

10 

5 

5 

2 

3 

249.6 

15 

11 

8 

9 

6 

4 

260.0 

13 

7 

6 

1 

1 

2 

270.4 

9 

3 

1 

2 

280.8 

8 

5 

1 

1 

291.2 

3 

1 

1 

2 

2 

1 

301.6 

3 

2 

1 

312.0 

2 

322.4 

3 

' 

332.8 

343.2 

353.6 

364.0 

1 

374.4 

1 

1 

n 

|      186 

|        93 

1        61 

45 

36 

30 

M+Era 

|   217.8±2.5 

|    218.1±3.0 

|    217.7±3.3|   219.3±3.7 

|   218.7±4.2 
|        607 

219.4±3.8 

2fd2 

|      5115 

|      1573 

|        848        |        558 

1       269 

(7±E<r 

|      49.7±1.7 

|      42.8±2.1 

1       38.8±2.4I      36.6±2.6 

|      37.1±3.0 

31.1±2.7 

Es 

|        33.6 

|        28.9 

|        26.2       |        24.7 

|        25.0 

|        21.0 
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The  reduction  in  the  probable  error,  due  to  increase  of  plot 
size,  between  these  extreme  plot  lengths  was  12.6  bushels  per 
acre,  thirty-seven  per  cent  of  which  occurred  between  the  ten- 
and  the  twenty-foot  plots  and  seventy-one  per  cent  of  which  oc- 
curred as  a  result  of  increasing  the  plot  length  to  forty  feet. 
Figure  11  (b)  shows  that  the  first  significant  difference  in 
standard  deviations  was  between  the  ten-  and  the  twenty-foot 
plots  and  the  second  significant  difference  between  the  twenty- 
and  the  sixty-foot  plots.  The  curves  of  the  actual  and  the  theo- 
retical probable  errors  shown  in  Figure  4  are  in  general  similar 
to  those  of  the  "Minnesota  Carmans." 


*f  -r- 
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Lvngtti  of  H<j*r  in  Teet. 

Fig.  4. — The  Curves  of  the  Actual  and  the  Theoretical  Probable  Errors  for 
Varying  Row  Length  of  West  Virginia  (High  Altitude)  Carman  No. 
3   Potatoes   Grown   in    1922. 

This  study  indicated  that  under  the  existing  conditions  rea- 
sonable accuracy  may  be  expected  from  the  use  of  a  twenty-foot 
single-row  plot  and  that  significantly  greater  accuracy  is  possi- 
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ble  by  the  use  of  a  sixty-foot  plot. 

The  populations  for  "Canadian  Garmans"  plots  varied  as  a 
result  of  increase  in  plot  size,  from  192  for  the  ten-foot  plots  to 
31  for  the  sixty-foot  plots.  This  is  shown  in  data  summarized 
in  Table  III. 

TABLE  III. — The  Influence  of  Size  of  Plot  on  the  Reduction  o* 
the  Experimental  Error.  Summarized  Data  for  Cana- 
dian Carman  No.  3  Potatoes  (1922). 


Classes 
Bu.  per 

Length  of  Row 

10  ft. 

20  ft. 

30  ft.            40  ft. 

50  ft. 

60  ft. 

Acre 

Frequencies 

20.8 

2 

31.2 

7 

1 

41.6 

6 

2 

1 

52.0 

6 

4 

1 

2 

1 

62.4 

8 

4 

3                    3 

72.8 

12 

6 

5                    3 

4 

2 

83.2 

18 

6 

4                     3 

1 

3 

93.6 

17 

12 

6                    3 

5 

2 

104.0 

19 

7 

7                    3 

6 

6 

114.4 

21 

14 

7          1        13 

5 

5 

124.8 

22 

10 

9                    4 

4 

2 

135.2 

15 

9 

8                    7 

3 

4 

145.6 

16 

9 

5 

5 

6 

156.0 

7 

5 

4 

3 

1 

166.4 

2 

4 

2 

2 

176.8 

4 

2 

1 

1 

187.2 

2 

1 

197.6 

5 

208.0 

3 

1 

n 

192 

95 

62 

46 

38 

31 

M+Em 

108.8±2.0 

112.8±2.4 

112.412.7 

113.3±2.9 

112.213.2 

112.7±3.0 

2fd2 

3354 

1132 

570 

367 

320 

202 

a±Eo- 

40.411.4 

34.4±1.7 

31.511.9 

29.3±2.1 

29.012.2 

25.112.1 

Es 

27.2 

23.2 

21.2 

19.8 

19.6 

16.9 

The  reduction  in  probable  error  between  these  extreme 
length  plots  was  10.3  bushels  per  acre,  fifty-eight  per  cent  of 
which  occurred  between  the  ten-  and  the  thirty-foot  plots  and 
seventy-two  per  cent  of  which  occurred  between  the  ten-  and 
the  forty-foot  plots. 

The  curves  of  the  actual  and  theoretical  probable  errors  as 
shown  in  Figure  5  are  similar  to  those  of  the  studies  previously 
mentioned. 

A  significant  difference  in  standard  deviation  was  obtained 
between  the  ten-  and  the  thirty-foot  plots  but  cannot  be  found 
between  the  thirty-foot  plots  and  the  larger  plots  considered  in 
the  study.       This  is  shown  in  Figure  11   (c).     It  would  seem  in 
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this  instance  that  the  use  of  a  thirty-foot  plot  would  be  sufficient 
for  reasonable  accuracy. 
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Fig.  5. — The  Curves  of  the  Actual  and  the  Theoretical  Probable  Errors  for 
Varying  Row  Lengths  of  Canadian  Carman  No.  3  Potatoes  Grown 
in    1922. 

The  summary  of  the  data  of  the  "West  Virginia  Low  Alti- 
tude Carmans"  in  Table  IV  shows  that  the  populations  for  the 
various  plots  ranged,  owing  to  increase  in  size  of  the  plots,  from 
258  variates  in  the  ten-foot  plots  to  41  variates  in  the  sixty- 
foot  plots. 

The  reduction  in  probable  error  between  these  extremes 
of  plot  sizes  was  14.8  bushels,  of  which  forty  per  cent  occurred 
between  the  ten-  and  the  twenty-foot  plots  and  eighty-three  per 
cent  between  the  twenty-  and  the  forty-foot  plots. 

The  probable  error  curves  (Figure  6)  are,  again,  similar 
to  those  of  the  preceding  studies.  Here,  as  in  the  case  of  the 
"West  Virginia  High  Altitude  Carmans"  a  significant  difference 
in  the  standard  deviation  was  found  between  the  ten-  and  the 
twenty-foot  plots  and  again  between  the  twenty-  and  the  sixty- 
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foot  plots  as  shown  in  Figure  11  (d).  The  conclusions  drawn 
from  this  study  are  identical  with  those  from  the  study  of  the 
"West  Virginia  Higii  Altitude  Carmans." 

TABLE  IV. — The  Influence  of  Size  of  Plot  on  the  Reduction  of 
the  Experimental  Error.  Summarized  Data  for  West 
Virginia  Carman  No.  3  Potatoes   (Low  Altitude — 1922). 


CI  . 

Length  of  Row 

Bu.  per 

10  ft. 

20  ft. 

30  ft.     40  ft. 

50  ft. 

60  ft. 

Acre 

Frequencies 

31.2 

1 

1 

41.6 

3 

52.0 

2 

2 

62.4 

2 

1 

72.8 

5 

1 

1 

83.2 

5 

2 

1 

1 

2 

1 

93.6 

7 

3 

1 

104.0 

13 

5 

5 

1 

1 

114.4 

15 

11 

5 

3 

2 

4 

124.8 

16 

3 

4 

4 

6 

1 

135.2 

13 

8 

5 

4 

4 

3 

145.6 

21 

8 

3 

4 

2 

4 

156.0 

22 

14 

9 

4 

3 

2 

166.4 

12 

7 

6 

9 

4 

5 

176.8 

18 

16 

9 

6 

11 

4 

187.2 

17 

7 

10 

7 

5 

197.6 

16 

7 

4 

6 

4 

1 

208.0 

18 

9 

5 

3 

1 

4 

218.4 

8 

7 

3 

2 

2 

2 

228.8 

10 

3 

4 

1 

1 

1 

239.2 

6 

3 

3 

3 

3 

1 

249.6 

3 

3 

1 

1 

2 

1 

260.0 

4 

1 

3 

2 

2 

270.4 

6 

4 

2 

1 

2 

280.8 

4 

291.2 

1 

2 

301.6 

4 

1 

1 

312.0 

2 

1 

322.4 

1 

332.8 

343.2 

1 

353.6 

1 

364.0 

374.4 

1 

384.8 

395.2 

1 

n 

|  258 

|  170.4±2.6 

128 

85 

63 

51 

41 

M±Em 

172.0±3.1 

173.9±3.5 

174.8±3.7 

173.1±4.4| 

174.8±4.2 

2fd2 

9508 
61.5±1.8 

3309 

1983 

1183 

1028 

596 

<T±Ea 

52.7±2.2| 

48.4±2.5|  43.3±2.6 

46.9±3.1 

39.6±3.0 

Es 

|   41.5 

35.5 

32.7   |   29.2 

31.6 

26.7 

A  brief  survey  of  the  facts  ascertained  by  the  analysis  of 
data  obtained  in  the  above  studies  shows  that  in  only  one  in- 
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stance  was  it  necessary  to  use  a  single-row  plot  of  forty  feet  in 
length  to  obtain  a  significant  reduction  in  standard  deviation. 
In  both  the  West  Virginia  strains  significant  differences  were  ob- 
tained between  the  ten-and  the  twenty-foot  plots  and  again  be- 


S 

u 
8. 


+2  y- 

-+o  -- 
■33  — 
34 
34  -~ 


•H 

o 

■u 

.5      i* 


^/ 


2+  -- 


fc     **i 


^o  -- 


^   -- 


Actual. 


-^     Theoretical. 


-±- 


** 


Length   of  Row  in  Teet. 


Fig,  6. — The  Curves  of  the  Actual  and  the  Theoretical  Probable  Errors  for 
Varying  Row  Lengths  of  West  Virginia  (Low  Altitude)  Carman 
No.  3  Potatoes  Grown  in  1922. 

tween  the  twenty-and  the  sixty-foot  plots.  It  is  of  interest  to 
note  also  that,  considering  all  four  of  these  studies,  approxi- 
mately three-fourths  of  the  probable  error  reduction  between 
the  extreme  plot  lengths  used  occurred  between  the  ten-  and 
the  forty-foot  plots. 
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The  Study  of   1923 

In  1923  the  data  were  subjected  to  a  slightly  differ- 
ent analysis.  They  were  first  treated  as  were  those 
of  the  previous  year,  and  in  addition  the  records  from  the 
separate  but  consecutive  ten-foot  plots  were  assembled 
to  show  the  yields  for  consecutive  hundred  and  fifty- 
foot  plots,  and  the  yields  from  the  corresponding  portions  of  the 
latter  were  used  to  derive  the  frequency  distributions.  In  this 
way  an  equal  number  of  variates  was  obtained  for  each  plot  size. 

The  summary  of  the  1923  data,  treated  as  were  the  1922 
studies,  is  given  in  Table  V.  The  plots  differing  in  length  by 
ten  feet  ranged  from  ten  to  one  hundred  feet  in  length.  Plots 
of  a  hundred  and  twenty-  and  a  hundred  and  fifty-foot  lengths 
are  also  included.  There  were  3,309  variates  in  the  ten-foot  plot 
frequency  and,  owing  to  the  increase  in  plot  size,  220  vari- 
ates in  the  hundred  and  fifty-foot  plot  frequency. 
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Fig.  7. — The  Curves  of  the  Actual  and  the  Theoretical  Probable  Errors  for 
Varying  Row  Lengths  of  West  Virginia  Carman  No.  3  Potatoes  Grown 
in   1923. 
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The  reduction  in  probable  error  was  11.5  bushels  per  acre 
between  the  ten,  and  the  hundred  and  fifty-foot  plot  sizes. 
Nearly  two-thirds  of  this  reduction  occurred  between  the  ten- 
and  the  sixty-foot  plot  lengths.  The  curves  for  the  actual  and 
the  theoretical  probable  errors  in  Figure  7  are,  in  so  far  as  the 
same  plot  sizes  are  considered,  generally  similar  to  those  of  the 
1922  studies. 

A  significant  difference  in  standard  deviation  as  shown  in 
Figure  11  (e),  was  found  between  the  ten  and  the  twenty-foot 
plots,  the  twenty-  and  the  forty-foot  plots,  the  forty-  and  the 
seventy-foot  plots,  and  between  the  seventy-  and  the  hundred 
and  twenty-foot  plots.  In  order  that  the  similarity  of  the  re- 
sults of  this  study  with  those  of  the  1922  studies  may  be  shown, 
only  the  plots  up  to  and  including  the  sixty-foot  plots  were  used. 
The  reduction  in  probable  error  between  the  ten-  and  sixty-foot 


£  jce  -- 


•  m  4 
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length  of  Bow  in  Feet. 


Fig.  8. — The  Curves  of  the  Actual  and  the  Theoretical  Probable  Errors  for 
Corresponding  Row  Lengths  in  the  Hundred  and  Fifty-foot  Single- 
row  Plots  of  West  Virginia  Carman  No.  3  Potatoes  Grown  in   1923. 
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plots  was  7.5  bushels  per  acre,  of  which  forty-seven  per  cent 
occurred  between  the  ten-  and  the  twenty-foot  plot  lengths  and 
seventy-seven  per  cent  between  the  ten-  and  the  forty-foot  plot 
lengths.  The  reduction  in  probable  error  was  closely  compar- 
able to  that  in  the  1922  studies. 

In  the  following  analysis  of  the  1923  data  the  yields  of  the 
consecutive  ten-foot  plots  are  first  combined  to  make  the  yields 
of  the  hundred  and  fifty-foot  plots  of  which  the  yields  of  corre- 
sponding portions  are  employed  to  form  the  frequencies  for  the 
various  plot  sizes.  The  same  plot  sizes  are  considered  as  in 
the  foregoing  analysis.  The  frequencies  for  all  plot  lengths 
contained  220  variates. 

The  total  reduction  in  probable  error  between  the  ten-and 
the  hundred  and  fifty-foot  plot  sizes  was  14.3  bushels  per  acre 
of  which  three-fourths  occurred  between  the  ten-  and  the  sixty- 
foot  plots. 

The  probable  error  curves  in  Figure  8  differ  very  little  from 
those  of  the  first  analysis  of  this  data,  and  the  significance  of 
differences  in  standard  deviation,  as  shown  in  Figure  11  (f),  be- 
tween the  various  plot  lengths  are  the  same  with  one  exception; 
i.  e.  no  significant  difference  was  obtained  between  the  seventy- 
foot  plots  and  the  plots  of  greater  length  included  in  this  study. 
The  total  reduction  in  probable  error  between  the  ten-  and  the 
sixty-foot  plots  was  10.8  bushels  per  acre  of  which  forty-one  per 
cent  occurred  between  the  ten-  and  the  twenty-foot  plots  and 
seventy-five  per  cent  between  the  twenty-  and  the  forty-foot 
plots.  It  is  readily  seen  in  this  last  study  that  both  methods  of 
analysis  give  practically  the  same  results  from  which  it  would 
seem  safe  to  conclude  that  there  is  little  to  be  gained  by  using  a 
single-row  potato  plot  of  more  than  forty  feet  in  length. 

Determination  of  Effect  of  Replication 

The  summary  of  the  1923  data  to  determine  the  effect  of 
replication  on  the  reduction  of  experimental  error  is  given  in 
Table  VII.  The  yields  of  all  the  consecutive  forty-foot  single- 
row  plots  are  used  and  the  replications  considered  range  from 
one  to  seven.  The  populations  vary  in  number  from  821  in 
the  frequency  distribution  made  up  of  the  yields  of  the  single 
forty-foot  plots  to  102  in  the  frequency  distribution  composed 
of  the  average  of  the  yields  of  the  eight  similar  plots  systemati- 
cally distributed   (seven  replications). 
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There  was  a  reduction  in  probable  error  of  16.7  bushels  per 
acre  between  the  yields  of  the  single  plots  and  the  average  of 
the  yields  of  eight  distributed  plots.  Fifty  per  cent  of  this 
reduction  occurred  with  the  average  of  the  yields  of  two  distri- 
buted plots,  sixty-four  per  cent  with  the  average  of  the  yields  of 
three  distributed  plots,  eighty-three  per  cent  with  the  average  of 
the  yields  of  four  distributed  plots,  and  ninety-one  per  cent 
occurred  with  the  average  of  the  yields  of  five  distributed  plots. 


Actual 
Theoretical 


Number  of  Replications. 

Fig.  9. — The  Curves  of  the  Actual  and  the  Theoretical  Probable  Errors  for 
Varying  Numbers  of  Replications  of  Forty-foot  Single-row  Plots  of 
West  Virginia  Carman  No.  3  Potatoes   Grown  in   1923. 

The  curves  of  the  actual  and  the  theoretical  probable  errors 
are  given  in  Figure  9.  They  coincide  very  closely.  The  com- 
parison of  the  standard  deviations  between  the  replications  un- 
der consideration  show  the  differences,  as  shown  in  Figure  11 
(g),  were  significant  between  the  yields  of  the  single  plots  and 
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the  average  of  the  yields  of  two  distributed  m lots ;  between  the 
average  of  the  yields  of  two  distributed  plots  and  that  of  three 
distributed  plots ;  between  the  average  of  the  yields  of  three  dis- 
tributed plots  and  that  of  four  distributed  plots;  and  between 
the  average  of  the  yields  of  four  distributed  plots  and;  that  of 
five  distributed  plots.  Beyond  four  replications  no  significant 
differences  were  found. 

It  would  seem  from  the  results  of  this  analysis  that  suffi- 
cient accuracy  may  be  expected  from  the  use  of  a  forty-foot 
single-row  plot  replicated  four  times. 

In  the  second  analysis  of  the  1923  data  corresponding 
forty-foot  lengths  of  a  hundred  and  fifty-foot  single-row  plots 
are  used.  The  yields  of  the  systematically  distributed  plots 
are  averaged  here  as  in  the  preceeding  analysis  to  form  the  pop- 
ulations  of  the   different  frequency    distributions    considered. 

TABLE  VIII. — The  Influence  of  Replication  on  the  Reduction 
of  the  Experimental  Error.  Summarized  Data  for  Cor- 
responding Forty-foot  Lengths  of  a  Hundred  and  Fifty- 
foot  Single-Row  Plots  of  West  Virginia  Carman  No.  3 
Potatoes  (1923). 


Number  of   Replications 

Bu.    per 

None 

1 

2                       3 

4 

5 

Acre 

Frequencies 

20.8 

2 

31.2 

2 

41.6 

4 

52.0 

14 

5 

1 

62.4 

12 

6 

72.8 

24 

11 

6 

7 

1 

1 

83.2 

24 

6 

7 

3 

3 

1 

93.6 

24 

18 

15 

15 

9 

7 

104.0 

21 

17 

14 

8 

15 

14 

114.4 

17 

15 

10 

6 

13 

7 

124.8 

11 

14 

10 

13 

3 

5 

135.2 

19 

9 

5 

2 

1 

145.6 

20 

4 

3 

1 

156.0 

8 

4 

1 

166.4 

10 

176.8 

3 

187.2 

3 

1 

1 

197.6 

1 

208.0 

218.4 

1 

n 

220 

110 

73 

55 

44 

36 

M+Em 

105.2±1.7 

104.2±1.7 

105.6±1.8 

104.0±1.7 

104.0±1.2 

106.3±1.4 

sfd2 

2901 

741 

354 

182 

55 

56 

a±E* 

37.7+1.2 

27.0±1.2 

22.8±1.3|      18.9±1.2 

11.6±0.8 

12.811.0 

Es 

25.5 

18.2 

15.4       |        12.8 

7.8 

8.6 
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The  summary  of  this  analysis  is  given  in  Table  VII.  Because 
of  the  greater  distances  between  the  distributed  plots  in  this 
analysis  the  populations  ranged  in  number  from  220  in  the  fre- 
quency distribution  for  the  yields  of  the  single  plots  to  36  in 
the  frequency  distribution  for  the  average  of  the  yields  of  six 
similar  plots  systematically  distributed   (five  replications). 

The  reduction  in  probable  error  between  the  yields  of  the 
single  plots  and  the  average  of  the  yields  of  the  six  distributed 
plots  was  16.9  bushels  per  acre.     Forty-three  per  cent  of  this  re- 
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Aotual . 
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Number  of  Replications, 

10. — The  Curves  of  the  Actual  and  the  Theoretical  Probable  Errors  for 
Varying  Numbers  of  Replications  of  Corresponding  Forty-foot  Lengths 
of  the  Hundred  and  Fifty-foot  Single-row  Plots  of  West  Virginia 
Carman  No.  3  Potatoes  Grown  in  1S23. 
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ductiori  occurred  between  the  yields  of  the  single  plots  and  the 
average  of  the  yields  of  two  distributed  plots  and  seventy-five 
per  cent  between  the  average  of  the  yield  of  two  distributed 
plots  and  that  of  four  distributed  plots.  Due  probably  to 
chance  the  probable  error  of  the  average  of  the  yields  of  five 
distributed  plots  is  less  than  that  of  the  average  of  the  yields 
of  six  distributed  plots. 

The  curves  of  the  actual  and  the  theoretical  probable  errors 
in  Figure  10  are  very  similar.  Significant  differences  in  stand- 
ard deviation  between  the  varying  numbers  of  replications,  as 
shown  in  Figure  11  (h),  were  found  between  the  yields  of  the 
single  plots  and  the  average  of  the  yields  of  two  distributed 
plots,  between  the  average  of  the  yields  of  two  plots  and  that 
of  four  distributed  plots,  and  between  the  average  of  the  yields 
of  four  plots  and  that  of  five  distributed  plots. 

The  foregoing  analysis  indicates  that  trustworthy  results 
may  be  expected  from  the  use  of  a  forty-foot  single-row  plot  re- 
plicated four  times. 
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DISCUSSION  AND  CONCLUSIONS 

In  studies  of  this  sort  it  is  usually  the  endeavor  of  the  in- 
vestigators to  choose  level  areas  with  soils  which  are  uniformly- 
fertile,  or  which  have  the  increase  or  decrease  in  fertility  occur- 
ring gradually  in  one  direction,  in  order  that  the  plots  may  be 
laid  out  in  such  a  way  as  to  minimize  the  experimental  error. 
In.  this  section  of  West  Virginia  it  is  difficult  to  approach  con- 
ditions ideal  for  experimental  purposes.  The  areas  selected 
for  these  studies  were  purposely  chosen  because  they  were 
representative  of  the  soils  over  the  greater  part  of  the  state  and 
at  the  same  time  they  were  the  best  sites  available. 

The  choice  of  area  used  for  the  1922  planting  might  seem  to 
be  questionable  since  it  had  been  devoted  to  fertilizer  tests  a 
few  years  before  the  present  investigation  was  begun.  Cover 
crops  had  been  uniformly  grown  over  the  area  up  to  the  time 
of  starting  these  studies.  The  writer  saw  a  rye  cover  crop 
growing  on  the  area  two  years  after  the  fertilizer  tests  were 
completed  and  was  unable  to  observe  any  abrupt  differences  in 
growth  which  would  indicate  plot  boundaries;  but  on  the  con- 
trary, the  irregularities  in  growth  were  gradual  and  seemed  to 
be  consistent  with  changes  in  topography.  Also,  at  harvest 
time,  no  marked  increase  or  decrease  in  yields  of  potatoes  could 
be  observed  other  than  would  naturally  be  expected.  A  compar- 
ison of  the  standard  deviation  for  a  given  plot  size  in  the  1922 
studies  with  that  of  the  same  plot  size  in  the  1923  study  shows 
a  close  similarity.  The  soil  differences  in  the  area  used  for  the 
1923  planting  are  natural  since,  to  the  writer's  knowledge,  it 
has  never  been  used  for  experiments  which  would  tend  to 
change  it  in  this  respect.  Figure  2  substantiates  this  statement. 
The  results  derived  from  the  data  of  both  years  check  very 
closely.  It  is  not  claimed  that  the  treatment  of  the  former  fer- 
tilizer test  plots  in  the  planted  area  of  1922  had  no  influence 
on  the  variability  of  the  soil,  but  rather  that  the  differences 
which  were  due  to  natural  conditions  greatly  outweighed  these 
which  may  have  been  caused  by  the  former  plot  treatments. 

Attention  is  directed  to  the  fact  that  no  attempt  has  been 
made  to  account  for  "stand"  except  in  so  far  as  good  seed  and 
uniform  planting  are  concerned.       It  was  intended  that  the  con- 
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ditions  prevailing  during  this  study  be  as  nearly  representative 
of  field  conditions  as  possible. 

The  1923  study  was  intended  to  serve  as  a  check  on  the 
studies  of  1922  in  so  far  as  plot  size  is  concerned.  The  studies 
of  both  years  show  that,  under  existing  conditions,  the  increased 
accuracy  which  might  be  secured  by  the  use  of  a  single-row 
potato  plot  of  more  than  forty  feet  in  length  would  not  offset 
the  added  inconveniences  involved. 

It  is  also  interesting  to  note  that  plantings  of  native  strains 
only  gave  significant  differences*  in  standard  deviation  between 
the  ten-  and  the  twenty-foot  plots.  Strains  from  other  sources 
required  greater  plot  lengths  to  obtain  significent  differences. 

These  studies  substantiate  the  conclusions  drawn  from 
more  or  less  similar  work  with  other  crops;  i.  e.  that  there  is  a 
limit  in  plot  size  and  number  of  replications  beyond  which  no 
practical  reduction  in  experimental  error  occurs. 
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SUMMARY  OF  RESULTS 

A  search  of  the  literature  pertaining  to  field  technic 
as  applied  to  the  potato  disclosed  the  fact  that  almost  no 
information  was  available  on  this  subject.  Numerous 
papers  have  been  published  concerning  very  similar  studies 
with  fruits  and  field  crops. 

This  investigation  indicates  that  reliable  results 
in  field  experiments  with  the  Carman  No.  3  potato 
under  West  Virginia  conditions  planted  ten  to  twelve  inches 
in  the  row  and  the  rows  spaced  three  and  a  half  feet  apart, 
may  be  expected  from  the  use  of  a  forty-foot  single-row 
plot  replicated  four  times. 
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